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m i F m IS PEROXIDE/feMUUgj ONS 

5 This invenUon reiate/o aqueous emulsions of peroxides, optionally containing 
"re- and/or further addHives. which contain a specie emulsfle 
% sC comprisin/a copolymer of an a.p-unsaturated dicarboxyi.e ac, «U 
L a-oiefn the/Lid groups of which are esterifled with an ethoxylated aicoho, 
having a degree/ of ethoxylation of 1-45. 

- - 10 such peroxide' emulsions are Known from, for instance, EP-A-0 492 712. in this 

en app-ication it is disclosed in Examples ,4-1. how * 
C I p-unsat rated dicarboxylic acid and a C w a-olefin the acd groups o, wh ch 

106 6 7 discloses a tremendousiy wide range o, surfactants. For rnstance, hey 
nlde anionic and cationic as we,, as nonionic surfactants. Furthermore, some 
^ sugar hased, some are polymeric, some a. ethoxylated, etcetera. Even the 
preferred surfactants cover a wide range of products. 

As stated above, the prior art emuisions show a smali dropie. size and a 
Ldeemuls to ns that were com ^.satisfactory. More par,^ 
niy me hand could be used as an anti-freeze, whiie aiso vanous 
parties could not be balanced property, sometimes even resuK, . ««* 
o—s. Therefore, there is a need for new peroxrde emulsions *- *~ 
more balanced physical properties and are more toierant ,n « 
freeze agent that can be used. Accordingly, an aqueous perox.de emulsron 
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the following properties is desired: 

low viscosity, preferably lower than 400 mPa.s, 

narrow droplet size distribution, preferably the d99 ,s less than9 m. 

'. no phase separation during storage, 

agents. 

■ The emu ,s ions — r: — h :«;Lrsi:r 

requirements. They are character^ * **" ^ egreatertnan 16. 
comprises an ethoxylated fatty a.coho. w,th an HUB vaiue g 



pero.de suspensions, as is disclosed, for ~ "J^^ for 
Lever, the em^er systems . - = f ^ 

20 either too viscous or unsafe. 

„, ,t ,s noted that the ^ ^^^^Z 
nerein are United to emuisions that rema,n q d at the r ^ 

are'liquids at temperatures as low as -20"C. 

^ peroxides that can he —d according the in— can be of any 
convene, type. However, the — * peroxides , 
30 peroxyesters, peroxydicarbonates. P-^— e s J ((y 
perac idsor — "-^r:Z^ates. Hxamples of 
suitable for emulsions of peresters ana h 
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. i _ include - diisobutanoyl peroxide, 2,2-bis(2,2- 
suitable peroxides mcluae per0 xyneodecanoate, 4- 

hyd roxy-2-methylpentyl peroxyneodecanoate,^ ^ ^ 4 _ trimethylpenty ,-2 

peroxyneodecanoate, tort amyi P Der oxydicarbonate, d.-sec- 

dicarbonate, tert-butyt P^^T^^^. 4-hydroxy-a- 

methylpentyl peroxyp.valate, tert arnyl P VP . trimethylhexa noyl) 
2,2-bis(2-ethylhexano W ^^^^ -propyl 
peroxide, 2*****^^ tert-amyl peroxy-2- 

Lethy—te.4^^ ^e, te rt- 

butylperoxy 2-ethylhexyl carbonate y ^ 

— carbonate, « ^ pe 

methylpentyl peroxyacetate, tert butyl f » / 4 . hyd roxy-2-methylpentyl 

tert-butyl peroxybenzoate, tert-amyl P-"**™" ' Trt9onox(g) 301 ex 

20 peroxybenzoate, cyclic methy. ethyl = perox, ^ ^ ^ 

Ate o Nobei), cyclic methyl .sobutyl * e ™ e *°™ ,J X ^ and ^ 

k etone peroxide, ^—^^ emulsion is between 

peroxide. Theamountoforganicperoxide, te ^ Wom prsM 

1 5 a „o 70% by weight, based on the by weight 

;5 th ere is 40-65% by weight of perox,de , an % » ^ ^ „ 

o, peroxide is present At ooncentrat,ons 0 *V» * abo ve 

W^-*^^^;!..,, and often become 
70 % by weight the products cann . be ^ ^ of 

intrinsically unsafe. However, ^"'^ J~ an died in a concentrated 
30 Peroxidernaybenecessaryiftheperox,^ o beha ^ ^ ^ 



25 



(J| PCT/EPOO/00003 

WO 00/42078 

4 

. 60°C when measured in 

» — — - » -"-"^ 

f at least one a,p-unsaturated 
The estenfied copdymer ,s a copoiymer o ^ 
dica r b oxylic add ester and at .east one C , a . ^ 
component o, said copoiymer be,n 9 e« Uw ^ 
0 a ,co h oi baving a degree o, o, -> 

gene* bave a molar rat,o of a** t ^ ^ are 

--0^^.-^^;^. -** descri P *on is hereby 
described in deta,. m U.S. ^paten :. ^ d . M]i c aad 

incorporated by reference. Tne copoiymers , _ ^ Qf 

ethoxyfction o, .-45. Such elated* Ms V ^ ^ 
grou ps. if in addition to the e„ * on , An 

gr0U ps are present, it is preferred that bed g ^ 
Lmpie of a suitable esterif.ed copolyme °^ ^ ^ ^ ^ 

20 from Akz0 Nobel. The esterifled copol^ * WP ^ 
from 0.05 to 20 % by weight, - -» ^ J an amQUnt offrom 0.20 
t™ e - — of emuisifled pero.de. is most 
to 10% by weight, all fcasea u 
preferred. 

25 , * an HLBvaluegreaterthan16whichformsthe 

Tne ethoxylated fatty alcohol w.th an HUB v* ^ ^ ^ 

other essentia, part of the emulsify ^ said HUB vaiue. 
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and cbtainaWa ^ !C, as Bn^ 35 ethoxy, ^ 
R emcop«20, elated myns^ ** • ^ as Ethylan@ 

ethoxyiated oiey, alcohoi. ethoxyiated ^ «* rf palmffic and 0 ,ey. 
C035 which is the ethoxyiated ^ palmitic ac id, and/or 

a ,co h oi, ethoxyiated alcohols denve ^ ^^gree of ethox y la t ion o, 80 
ta „ow, and ethoxyiated steary, aicohci « - ^ Berol® 08. 

* an HLB-value - 1U. and — ^ m ^ ^ 

—V, - — l^tr— -* — is typically 
mor e preferably greater than I7.a ^ ^ me amount of 

used in an amount of 0.02 to 15 M y (o 1Q% by 

emu,sif,ed peroxide. More preferably. * , " " ^ on ^ weigM of the 

weigh, most prefab 0.1 to 7.5% by v , ht a b^ ^ ^ ^ 

em ulsif,ed peroxide. Although the amou t o eth ^ r b 

cbosen independentiy from the amoun ^ ^ Q g% by 

preferred to use a total ^^r^^ ^^^'^ 

^sl-Sand^morepreferabiybeio^, 

Wtho ugh it is preferred ""^Z^^"^ 
according to the invention consists essent,a»y nonionic 
«, ethoxyiated fatty aicohoi, it is ooss^e o -» ^ ^ ^ 

:5 surfactants in the formulate More nce o( th e 

furtn er nonionic surfactant to improve for ,nst nce. ^ ^ ^ ^ 

peroxide emuision in the process ^ combined HLB-va.ue, 

30 most preferably greater than 17.0. 
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with code 10737, which perox ,des odecanoat e, tert-amyi 

peroxyneodecanoat, W^JST ' 
peroxyneodecanoate. "-JJ^J^^ 
peroxyneodecanoate, a>° y tert . arnv | peroxypivalate, 

P— — peroxide , ,^-ethy, 

tert-butyl peroxypwalate, b,s(3,5,5 y ^^noate, tert- 

he xanoy, P e ro xy^^ and tert-butyi 

buty , peroxy-2-ethylhexanoa^ en ^ P an ti-freeze agent in the apueous 
0 peroxyisobutanoate, it is preferred to use ^ ^ ^ 

peroxide emuision.Depend.ng on the u e of P 

preferred to use an anti-freeze agent oth r * jca „ y does no t 

peroxide emuisions often contain — . s,n^ g ^ 

emuisions acting t0the ;:;; I"!;: thereof on the M viscosity. The 
freeze agent that is used and the effe ^ amount 

emount and type of antifreeze to be used depends ^ ^ 

of peroxide that is being ^^l^^.o*-** 
mlx ture of anti-freezes. that ,s used. Howeve r . ^ ^ ^ 

to adjust the amount of anti-freeze age^ -h ^ _ ^ ^ 
a n«,reeze and water thafis "^^^ - * * d 

below the storage temperature necessa^/ 
person wi„ have no duties in ~ ^ aohed . Typica,,, the 

25 .mount of anti-freeze agent used n he ^ ^ 

of water. The antifreeze agents .nc ud ^ ar . . tructureof 
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ar .d,or pump. » this ^^^2 with a sheer rate o, about 
- using an * ^ More pre ,erabiy, the 

200 s", at a temperature of 0 C, • °*w ^ ^ ^ 

Encr ,sen viscosity o, the emuision ,s be W e a nd 2 ^ ^ ^ 

preferabiy, the viscosity o, the emu toon ,s b - 20 when 
viscosity it is preferred that the d50 of the p«o ,de P ^ ^ js 

measu red with a Maivern® Easy Sizer, . ^.1 * ^ ^ 

retain these properties dunng storage- Such fee ^ ^ 

rine ,y divide the pero.de in the ^ „ni Z ers, 

be any of the convention* ones and include ^ and the 

peri-miiis, high-speed rotor-stator m,xers, e.g. UW J" ^ 

and compost of the emuistfer system ^ ed ^ ^ 

that is used. However, w«h the informs n « > P- 
person will have no difficulty producing the preferred pero 

, . ,„ h . safe it is essential that they do not 
ln order for the peroxide emuis,ons to be safe 

sh ow separation into one or more J jn . mM fas hion. 

the peroxide in the emuision ~ ^ e emuision and the voiatiie 

TyP '' C *T^durCl ZL — - remove the heat of 
decomposition products tnai 

25 decomposition. 

«« CI Hprpd to be unsafe when 
For ease of reference- a peroxide ^^^0 higher than the 
U pon heating samp.e of the emuision, to a t mpe. ure 
^accelerating ^'^^U. in a 25 Kg 
commercial acceptabie di.ution of he ,„ for Mgh 

poiymers" with code 10737 as availabie from Akzo 
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vessel of 200 ml, with a diameter of 3.2 cm. and coning about 
5 emulsion to be evaluated . 

may be ^^^Z^ — - and, if desired, 
onle desirL effect and the otner ingredients in tbe suspens.cn. 
The perc.de amnions can be used in various 

, c ,uding me curtng of unsaturated poiyester ~ d J^ns. They are. 
however, pre-eminently su.ted for use P Y ^ . n 

- — n "r :'"rr ii« — 
= rrrri: . 

rrssr- " » — ■ - — * 
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detailed below. 



^ preferred poiymerizabie monomers for ^^J^^Z 

methacrylate, and the hke. styr like acrvlonitrile, ethyl vinyl 

^styrene.v^ 

benzene, vinyl acetate, vinyl naphthalene, etc., an 
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limit ed to, butadiene, isoprene. chloroprene, and the like, and other ethylenicaily 
unsaturated monomers known to those of ordinary skill in the art. 

,n addition oligomers and polymers made from one or more of the above- 
i e d monomers may also be reaoted with other monomers, powers or 
Vomers in the present polymenzation process. Of course, m,xtures of two o 
Ire of the polymerizable materials can be used. In all cases there w,„ be t 
IZ 60% of vinyl chloride monomer, oligomer or polymer in the polymenzable 
mixture. 

Generally a polymerizable composition comprises 0.01-6.0% by weigh, of one 
7Z peril, based on the monomers, as an «ator and when v,ny 
c loride i poiymenzed alone, preferably there wil, be O.OVO.5% by we,ght of 
htperoxid , based on the monomer. If one or more of the P erox,des are ,n the 

be chosen such that the indicated amount of pure pero»de » supplied In the 

r —on o, between 0.0t and tO.0% by weight of pure c transf. 
agent is used, based on the polymerizable materials. Preferably, from 0.05 to 
20 1% by weight of these chain transfer agents is used. 

A l ignmcant advantage of the present process for the poly—n oT n* 
Coride is that the use of the emulsions of the present ,nvent,on I ads o 
greater flexibility in the polymerization process KseK. More partcularly -n 
TntLna, Z chioride polymerization Presses the P--—™ 
mu st be added to the monomer before me mrxture ,s brought to the 
^ tnerization temperature in order to avoid adverse effects, such as .ncreased 
sh-eye levels, on the propert.es of the resuitant polymer. However, , the 
process of the present invention, the polymerization initiator emuls,on may be 
aided to me i chloride monomer after it is heated to the polymery 
emperature or may even be dosed stepwise or gradually unng he 
pZerization reaction. These features provide greater 
polymerization process as well as a means of gaining better control over the 



25 



30 



PCWEP00/00003 

WO 00/42078 



process and the products of the process. 

The polymers process o, the present invent.cn typically is a suspension 
polyLLon process in which an agueous dispersion of v,nyl c* ** 
monomer and the portion «iator are heated to cause po,ymenzat,on o 
the monomer as a resuit o, free radical decomposition of the polymenz^n 
initiator The polymerization conditions empioyed are the conventual 
Hons for vinyl chioride monomer poiymerization. Per a detailec I desenpfcon 
o, the process conditions, as we,, as the types of monomers which can be 
pltymled by this method, reference may he made to US 3,825,509, which ,s 
incorporated herewith by reference. 

The present process, however, may drffer s,igh,,y from that o, US 3,825,509 in 
th at is not necessary to add the indents to the polymerization reactor 
th e order of water, dispersant, polymerization initiator, and, 
Whi,e this conventional methodoiogy is within the scope of the present 
rition, the present — n a,so encompasses reactions where « 
the dispersing agent, and the monomers are added to the reactor and heated to 
t olmerization temperature prior to the introduction of the poiy— n 
initiator ,n such reactions the poiymerization initiator is added a,, at once, 
gradually or stepwise during the poiymerization process. 

Furthermore, it was proven that the peroxide a ^J^ 
invention were usefu, In the suspension polymerizafon of P^— 
styr ene, as we,, as in the modification of polypropylene (PP). .n aspect he 
JLr use, it wil, depend on the type of peroxide emulsion and the 
process whether degradation or cross-linKing reactions of PP wi,l dominate. 

,„ a f,na, aspect, the present invention also relates to v,ny, ^-ontaining 
30 polymers produced by the process o, the present invention These 

exhibit different properties from Cher vin, ch,oride-co*a,n,n g P yme^ 
induding better e,ectrica, properties, lower f,sh- eye ievels, and, ,n some 
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instances, improved polymer morphology, such as porosity. 
The invention is further illustrated by the following examples. 

in Examples 1 and A an emulsion is produced contain.ng: 

. 60.0% by weight (%w/w) of bis(2-ethylhexyl) peroxydicarbonate, 

- 2.0%w/w of Dapral GE 202, 

. optionally Berol 08 (see table), and 

_ the balance being a mixture of water/methanoi with a freezing pent of - 
20°C. 

In Examples 2 and B an emulsion is produced containing: 

- 50.0%w/w of 2,4,4-trimethylpentyl-2 peroxyneodecanoate, 
. 0.1 or 0.4%w/w of Dapral GE 202 (see table), 

- optionally Berol 08 (see table), and 

. the balance being a mixture of water/methanol with a freezing pent of -20 C. 
A„ indicated amounts are based on the weigh, o, the final emulsion. A + unde 
the heading "safety means that the emulsion did not show phase separation 
when Kept for 8 hours at a temperature of 30*C above the SADT, w ,te a - 
20 means that phase separation was obsen,ed and that consequently, such 
emulsions are unsafe. 





~ l u 


Example 


1 i 


A 


Z 


0.4 


Dapral GE 202 (%w/w) 


2 


2 


0.1 


0 


"Berol 08 (%w/w) 


0.5 


0 


0.3 




Viscosity (mPa.s) 


247 


75 


75 


70 
3.1 


d50 (%w/w 


1.4 


2.1 


1.7 


7.0 


d99 (%w/w) 


2.6 


4.4 


3.3 




Safety 


+ 




+ 





These results show that 



emulsions of at least two different types of peroxides 
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can be produced, that it is essentia, to use a nonionic in conjunction with the 
eLJd copolymer, and that the concentration of the emulstfer system can 
between wide ranges while still leading to the desired effect. 



vary 



5 

r .- nrPr ^ *nri Cnmnnntiwe Samples C andJ2 ^ranoate 

and 3%w/w of an emu.sif.er system (see table), the reminder be,ng a m,xture 
water,methano, with a freezing point of -20"C, was used ,n 
10 polymerization of VCM in a U stainless stee, BOchi autoclave w,th 3-bladed 
baffle, and temperature sensor. The polymerization recpe was as 

follows: 

VCM 260 9 

H 2 Q 520 9 

15 KP-08(PVA) 0.39Q 

Peroxyester emulsion 0.26 g (0.05 % w/w of pure perox.de on VCM) 

Na 2 HP0 4 0 1 9 

NaH 2 P0 4 0.1 g 

20 The PVA was dissolved in the water and the phosphate buffer was added The 
Lacto! was evacuated and flushed with N 2 four times (at room temperature^ 
^timng at 735 rpm, VCM was added. Subsea.uentiy, the rea« 
h tn «5-C in 25 minutes. Then the initiator emulsion was added by 

25 b venting off unteacted VCM and cooling. The PVC that was formed wa 
tared, washed with H 2 0, and dried overnight at 30-C in an a,r 
analyzed. The f,sh-eye number o, the resulting PVC was measured as 
described by O. Leachs in Kunststoffe, Vol. 50(4). 1960, pp 227-234. 
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Emulsions were prepared containing: 

. 50.0% by weight (%w/w) of tart-butyl peroxyneodecanoate, 

. 2 5%w/w of Dapral GE 202, 

. 0.5%w/w of a nonionic surfactant (see table), and 
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Safety i i ■ -■ , ,- 

EFOH 2 = Ethylan® CO 35 ex Akcros = ethoxylated fatty alcoho 
EFOH 3 = Bero.® 087 ex Akzo Nobel = ethoxylated fatty alcohol 
EFOH 4 = Berol® 185 ex Akzo Nobel = ethoxylated fatty alcohol 
EFOH 5 = Ethylan R ex Akcros = ethoxylated fatty alcohol 
ESM = Tween® 20 ex ICI = ethoxylated sorbitan monolaurate 
ECG = Softigen® 767 ex Huls = ethoxylated capril/caprllic glycende 
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EFA = Cithrol® 10 ML ex Croda - ethoxylated fatty acid 

These results show « - — system 

contain an ethoxylated fatty alcohol of the appropnate HLB-value. 



ExampJss.6. 
Emulsions were prepared containing: 



ethylpentyl-2-peroxyneodecanoate, 



50.0%by weight(%w/w)of2,4.4-trimetr in 
2 .7° A w/w of Dapra. GE 202 in Examples 6 and 7 and 3.0 Aw/w 

«, ~* o 8 , . - r - - - ^ k and L . 

r b alance heing a mixture of ^er and anti-,ree Z e agent according to the 
table with a freezing point of -20°C. 




Viscosity 
n.r. = not relevant 

Th ese resuits show the h,gher toierance of the emulsions according to the 



£S£^T 8 e-lsionswere prepared conta.n.ng 
25 5 To% b ywei 9 ht(%w,w)of b ^^ 
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- 2.0%w/w of Dapral GE 202, 

- 0.5%w/w of Berol 08, and th « 
. ,he balance being a mixture of water and an.i-freeze agent accord,ng to the 

table with a freezing point of -20°C. 
,„ Example 8 ethane giycoi was used as the ant,freeze agent , w . rea un 
Example 9 propylene glyco. was used. Both emulsions were acceptable from a 
safety and use point of view. 

n Jamp.e 10, Example 1 was repeated, except that ethanol was substtuted 
IZ methanol. Also this emulsion was acceptable from a safety and use pent 
of view. 



20 



r eparative Fxamn les MtE 
Emulsions were prepared containing: 

. 50.0% by weight (%w/w) of 2 ,4,4-.rimethylpentyl-2-pe I oxyneodecanoate, 
3%w/w of an emulsffier system, optionally containing Berol 08 but 
comprising Unitika UMR10M, a PVA, instead o, the estenfled copolymer, 

. me' balance being a mixture of waterand anti-freeze agent according to the 

table with a freezing point of -20°C. 
The following results were obtained. 



Example 



Unitika UMR10M (%w/w) 



Berol 08 (%w/w) 



430 



330 



330 



ndl iuiii iy «••• 

especially when compared to the emulsion of Example 6 above 
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Harco and 0.15%w/w Bercl 08. The viscosity of the resulting emuision was 
about 950 mPa.s and unacceptable. 



